Loss of Bax alters tumor spectrum and tumor numbers in ARF-deficient mice.
p19(ARF) is a key regulator of the p53-mediated apoptotic and tumor suppressor pathway. The proapoptotic Bax gene is a transcription target of p53, yet genetic studies in some animal models have suggested that Bax and p53 loss may cooperate in tumorigenesis. ARF-deficient mice are tumor prone, and to determine whether Bax loss could cooperate in the development of these tumors, we generated mice null for both ARF and Bax. The tumor latency of Bax+/+ARF-/-, Bax+/-ARF-/- and Bax-/-ARF-/- mice was similar with a mean survival of 48.9, 48.1, and 47.6 weeks, respectively. In Bax+/+ARF-/- mice, the predominant tumor type was B- and T-cell lymphoma followed by sarcomas and a lack of carcinomas. However, the frequency of lymphoma development dramatically decreased, whereas that of sarcomas and carcinomas increased, in a gene dosage-dependent manner in Bax+/-ARF-/- and Bax-/-ARF-/- mice. Furthermore, uncommon tumors of ARF-/- mice (osteosarcoma and hemangiosarcoma) were observed in Bax/ARF-double null mice, and tumor types not described previously in ARF-null mice (mixed germ cell tumor, Triton tumor, and histiocytic sarcoma) also developed in Bax-/-ARF-/- animals. Importantly, multiple primary malignant tumors of different lineage arose in 25% of the Bax-/-ARF-/- mice, whereas only one tumor type per animal was observed in Bax+/+ARF-null littermates. Finally, the wild-type Bax allele was retained in tumors arising in Bax+/-ARF-/- mice. Thus, Bax appears to function as a tumor modifier rather than as a classic tumor suppressor, and the combined loss of Bax and the ARF allows for the emergence of multiple malignant tumor types, an alteration of the tumor spectrum, and tumors not observed previously in ARF-null mice.